., 1986: A method for determining optimum distance between traps on line transects. Acta theriol., 31, 26: 353-358. Line transects are oftt.n the choice of trap layout for studies of species composition and relative abundance within communities of small mammals. We present a method for determining the optimum distance between traps on lines that will yield a uniform sampling area for each trap and thus maximize catch per effort. The method relies on finding the minimum intertrap distance at which captures are equal in both inner and end traps of short lines. We tested the method in two conifer forest communities of the Sierra Nevada of California. Ten 4-trap lines each of 10-m, 15-m, and 20-m spacing were deployed. The optimum intertrap distance in these communities was 15 m. The method described can be used to determine the optimum distance between traps for other types of studies in othrr communities.
There is a continuing need for reliable estimates of the diversity and relative abundance of small mammals in various plant communities. This need is most apparent in studies to determine the effects of management practices and to estimate the effects of proposed environmental modifications. Problems arise when designing experiments, to collect the needed data. Chief among these is the method of sampling. Trapping is often the only practical methc d for determining relative abundance and population structure of most species of small mammals. The type of trap and bait u^ed, the configuration of traps in space, the distance between traps, and the timing and duration of trapping all affect the numbers and kinds of mammals caught. The best trapping design is one that will yield the most accurate information with the least expenditure of time and effort.
Several studies on the relative effectiveness cf different traps have been reported (Andrzejewski & Rajska, 1972; Brown, 1967; Chelkowska, 1967; Wiener & Smith, 1972; Williams & Braun, 1983) . The specificgoals of a study will often dictate the type of trap used (i.e., live trap or kill trap). In a study whose primary goal is to compare the diversity and abundance of small mammals between different communities, there is no requirement that live animals be released. In this type of study, pitfalls catch a greater diversity and number of small mammals than do either live traps or snap traps (Williams & Braun, 1983) .
The conifiguration of trap positions within an area to be sampled also has received much attention (see Smith et al., 1975 for a review) . Each pattern of trap positions presents unique problems of analysis and interpretation of capture data. Traps placed in a straight line generally sample small mammal populations as effectively as those arranged in grids, spirals, octagons, circles, and other patterns. A straight line of traps is not well suited for studies of home range, density, or other attributes of populations, but because it is the easiest configuration to deploy, it is a logical choice where data from captures are used primarily to make comparisons of small mammal diversity among plant communities. Furthermore, many plant communities are narrow (e.g., riparian), especially in mountainous terrain, and a line of traps is frequently the only practical configuration for sampling small mammal populations within these communities.
Optimum spacing between traps is an aspect of experimental design that requires more investigation. Smith et al. (1975) recommended that trap spacing should be based upon the ability of an animal to detect traps (the recognition distance). Calhoun (1964) , recommended spacing traps at one-sixth the average diameter of the home range of the dominant species in the community. Without prior knowledge of animals' recognition distances, or the dominance relationships and home range sizes of members of the small mammal community, however, these recommendations are not very useful. Hansson (1967) using a distance of 25 m found no difference between the average number of animals caught in the end and the inner traps of 10-trap lines in a study of small mammals in a Scandinavian forest. He suggested that this result indicated that 25 m was greater than the average diameter of the home ranges of the species he studied. He did not, however, test other distances. Optimum spacing between traps obviously must be a compromise, dependent upon a number of habitat-, species-, and age-specific variables, and on the objectives of the study (Gentry et al., 1971; Smith •et al., 1975) . In order to select an optimum distance for trap spacing, we think that determining the effective sampling area for traps on a line is important. This effective area may relate to recognition distance or to average size of home ranges, but the validity of our procedure is not dependent upon confirming these relationships.
We hypothesize that each trap has an effective sampling area which is approximately circular in shape when the habitat and dispersion of small mammals are roughly uniform. If the distance between traps is less than the circle of influence of each trap, the catch in end traps of a line wilL be greater than the catch in inner traps. This can be visualized as overlapping circles of influence of adjacent traps, with end traps sampling an effectively larger, non-overlapping area than inner traps. The minimum distance at which catches in inner and end traps are equal would be the optimum spacing, and would provide for a uniform sampling area for each trap. Traps spaced at greater distances would have unsampled or less-intensely sampled spaces between adjacent circles of influence, but captures in inner and outer traps would remain unchanged.
Herein we report the results of an experiment designed to determine the effective sampling area for traps arrayed in lines by comparing captures of small mammals in end and inner traps spaced at 10, 15, and 20 m.
This study was conducted at two sites in mixed conifer (1675 m elevation) and red fir (2300 m) communities of the western Sierra Nevada, Fresno County, California during summer, 1980. At each of two sites, 120 pitfall traps were placed in 30 lines of four traps each. Traps were 7.6-1 plast'ic buckets buried flush with the ground and one-third filled with water (Williams & Braun, 1983) . Traps were baited by smearing a small amount of peanut butter on the inside of the pitfall just below the rim; bait was reapplied every 2 or 3 days. A 30.5-cm square of plywood (0.6 cm thick), resting on three stakes, was positioned about 10 cm above the rim of the bucket. This cover reduced evaporative water loss and kept debris out of the trap. Ten lines each had four traps spaced at 10, 15, and 20 m. No two lines were within 30 m; most were greater than 50 m apart. The forest stages sampled included various canopy cover classes of medium-sized and mature trees, shrub/seedling/sampling, and riparia'n deciduous stages of mixed conifer and red fir communities. The number and type of stages were approximately equal for each experimental treatment. The microhabitats of each of the four traps of a line were essentially the same.
Traps were operated for a continuous 23-day period in the mixed conifer community. Subsequently, traps were removed and relocated in the red fir community and operated for 14 days. Traps were checked daily and the captives removed, identified, and preserved by standard methods. Because of the potential for animals from neighboring areas to move into the trapping area during the course of a long removal experiment such as this, data from only the first seven days of trapping at each site were examined. Capture results from the two sites were pooled for statistical analysis after insuring homogeneity between the samples. These results were 22 inner 32 outer, 14 inner 16 outer, and 22 inner 15 outer captures for traps at 10-, 15-, and 20-m spacings, respectively. A Chi-square test of these results suggests that traps spaced 10 m apart may have been interfering with each other. Traps at 15-m and 20-m spacing showed no significant difference betwen captures in inner and outer traps (2 2 =0.13, p>0.50; X 2 =1.3, p>0.25), while traps at 10-m spacing had more captures in outer than inner traps, though this difference was not quite significant at the p = 0.05 level (x*=3.7, cricital value = 3.8 for p= 0.05).
There is some conflicting evidence in the literature that long-duration removal studies are biased by an influx of animals from adjacent areas. Stickel (1946) determined "home ranges" of resident animals during a 7-day live-trapping study in a 17-ac bottc mland forest. She then snap--trapped a 1-ac grid in the center of the larger area for 35 consecutive days. Over the course of the snap-trapping, animals were captured whose "normal" ranges were at succeedingly greater distances from the removal area. Stickel's (1946) results seem to indicate that the area of influence of a trap is not only distance-but also time-dependent. Close examination of her data, however, indicates that the majority of resident animals did not move into the depopulated area. It is thus difficult to evaluate how much of the apparent movement of animals into the depopulated area was actually normal, long-distance movement by resident animals that had been missed during the short live-trapping period. Similar results were obtained by Pucek and Olszewski (1971) who fo. nd that 9 days of trapping were insufficient to recapture more than 40% of individuals marked during a pre-trapping phase. Recently, Mares ct a 1 . (1930) have demonstrated that a minimum of 20 captures may be necessary to accurately delineate a home range area. And Bury and C rn pcrs. comm.) noted that 60 days of trapping were required to c -np.ile a relatively complete species list for areas of Pacific Northwest •forest.
Given the conflicting evidence of time-dependent trapping bias, wealso analyzed the capture data from the total experimental period. A Chi-square test for homogeneity indicated the appropriateness of pooling the data from the two sites for the 10-m and 15-m spacings, but not for the 20-m spacing (at one site there were more inner than outer captures at 20-m spacing while at the other site the opposite pattern obtained). For the pooled samples, there were significantly more outer than inner captures at 10 m (X 2 =7.68, 1 d.j., pCO.Ol), but not at 15 m (X 2 = 0.65, 1 d.j., p>0.25). In addition, if we examine the pattern of inner and outer captures for each line of 4 traps, only at 10-m spacing do we find significant differences (X 2 = 16.85, 9 d.j., p<0.05). Additionally, for the three most abundant species (S. trowbridgii, S. monticolous, and P. maniculatus) we found the same pattern of more captures in end traps spaced at 10 m, but nearly equal numbers of captures in trapsspaced at 15 and 20 m.
The total captures in lines spaced at 10 m is greater than the totals, for the other spacings. This can be explained most parsimoniously by differences in microhabitat in which the different lines were placed.. Although we atempted to place each treatment equally in the differenthabitat types and forest-cover stages this was not always possible. In some lines of 4 traps we captured large numbers of small mammals, while in other lines we captured none. The microhabitats of each of the four traps in a line were essentially the same, however, thus thecomparison of captures within lines is most appropriate.
The results of this experiment provide empirical support for a minimum intertrap distance of 15 m on line transects in removal studies in conifer forest communities. Matters of experimental design often require compromises, and in this study we were looking for the best compromise distance between traps on transects in all forest types of the Sierra Nevada. We had strong, although not statistically significant, evidence after 7 days that traps spaced 10 m apart interferred with each other, while traps spaced farther apart did not. The evidence was more compelling after longer periods of time. Because the best compromise is that design which maximizes return while minimizing effort, we would suggest 15 m as an optimal distance between traps in these conifer forest communities. Other minim'm (optimum) intertrap distances for either removal-or live-trapping may be required in plant communities that differ significantly in structure or species composition from the communities we v/ere studying. The optimum distance between traps would also vary if data v/ere required on a particular species rather than on all species simultaneously. The experimental procedure employed in this study, or a similar one modified for live-trapping should yield-the information needed to determine the optimum distance between traps for other types of studies.
